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(54) Programmable step down DC-DC converter controller 



(57) A programmable DC-DC converter controller 
with a high speed synchronous controller and a 5-bit 
programmable DAC provides an operating voltage to an 
external device (such as a microprocessor) in response 
to a 5 bit code programmed in the external device. The 



5-bit programmable DAC outputs a signal which pro- 
vides voltages to the external device in increments of 
e.g. 50 or 1 00 millivolts, in respectively two different volt- 
age ranges. 




FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to programmable power sup- 
plies and, more specifically, to a programmable step 
down DC-DC converter controller. 

Related Art 

The microprocessor has evolved from an integrated 
semiconductor chip that controls only simple functions 
to rival the computing power of a mainframe computer. 
That evolution has brought ever increasing numbers of 
transistors integrated onto a single chip. For example, 
the current Intel Pentium® microprocessor chip has well 
over 5 million transistors. To achieve this density, the 
size of each transistor has been reduced to the sub- 
micron level; with each successive design geometry 
reduction, the corresponding maximum voltage at which 
the transistor operates has been reduced as well. This 
changing maximum operating voltage for microproces- 
sors has led to the need for a programmable power sup- 
ply such that with each successive change in voltage 
requirement for the microprocessor, the computer sys- 
tem designer does not have to completely re-engineer 
the associated power supply system. The voltage 
requirements of the microprocessor has been trending 
downwards over approximately the past 5 years, from 5 
volts for the 386 and 486 microprocessors, to 3.3 volts 
for the Pentium, and now to down to 3.1 volts for the 
Pentium Pro®. Operating voltages for microprocessors 
in 1997 will likely be in the range of 2.5 volts. 

Previous generations of DC-DC (direct current- 
direct current) converter controllers provide fixed output 
voltages or, in some cases, are adjustable by changing 
a set of external resistors. In the production environ- 
ment for personal computers, the microprocessor circuit 
board (also known as a "motherboard") therefore has 
had to be redesigned each time the operating voltage 
has been changed by the microprocessor manufacturer. 
To address the problems caused by the changing volt- 
age requirements, Intel has programmed a voltage 
identification code (VID) into the Pentium Pro which can 
b read by a motherboard that has the appropriate 
capability. The motherboard, if it has the function built- 
in, then supplies the voltage identified by the VID to the 
microprocessor. This eliminates the requirement of the 
system designer to redesign the motherboard each time 
the microprocessor voltage changes because the 
microprocessor signals its own required voltage and the 
controller then automatically supplies the required volt- 
age. 

What is needed is a DC-DC converter controller 
designed with the ability to be programmed to address 
the changing power supply voltage needs for future 



lower voltage microprocessors. The DC-DC converter 
controller must be able to read the VID code pro- 
grammed into the microprocessor and then supply the 
voltage called for by the microprocessor VID code. 

5 

SUMMARY 

According to the present invention, a programma- 
ble DC- DC converter controller provides an output volt- 
10 age called for by a digital input signal (e.g. a VID code) 
from an external device (e.g. microprocessor). The con- 
verter controller includes at least one amplifier to pro- 
vide the required voltage, a control unit to control the 
magnitude of the output of the amplifier, and a circuit 
15 responsive to the digital input. The circuit also includes 
a digital to analog converter which receives the digital 
input signal from the external device. The digital to ana- 
log converter uses a precise reference signal to provide 
an output voltage at the required voltage. The output 
voltage delivered to the microprocessor can be selected 
by the microprocessor in increments of e.g. 100 milli- 
volts in a first voltage range or e.g. 50 millivolts in a sec- 
ond different voltage range. 

The present invention is better understood upon 
consideration of the following detailed description. 
There is shown and described an embodiment of this 
invention simply by way of illustration. As will be real- 
ized, the invention is capable of other modifications in 
various aspects, without departing from the scope of the 
invention. Accordingly, the drawings and detailed 
description are illustrative in nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings incorporated in and 
forming a part of the specification, illustrate the present 
invention, and together with the detailed description 
below explain the principles of the invention. In the 
drawings: 

Figure 1 is a block diagram of the programmable 
DC-DC converter controller in accordance with the 
present invention. 

Figure 2 is schematic diagram of a digital to analog 
converter as used in the controller of Figure 1 . 
Figure 3 is a schematic diagram of a circuit for 
selectably providing one of two reference voltages 
to the digital to analog converter of Figure 2. 
Figure 4 is a schematic diagram of a circuit for 
selectably providing one of two levels of current to 
the digital-to-analog converter of Figure 2. 
Figures 5A, 5B together are a schematic diagram of 
a digital control circuit as used in the controller of 
Figure 1 . 

DETAILED DESCRIPTION 

Copending and commonly owned U.S. Patent 
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Application Serial No. 08/672,487, filed June 26, 1996, 
entitled "A Programmable Synchronous Step Down DC- 
DC Converter Controller", Stephen W. Bryson et al. and 
incorporated herein by reference discloses a DC-DC 
converter controller similar in many respects to the 
present controller. However, that controller provides a 
single range of output voltages with a single increment 
between each voltage, in the range. 

In accordance with the present controller, there are 
two different voltage ranges. The upper voltage range is 
selected by placing a logic high signal (1) on the most 
significant bit in a 5 bit digital-to-analog converter 
(DAC). The DC-DC converter responds by outputting a 
voltage in the range of e.g. 2.0 volt to 3.5 volt, based 
upon the VID code input to the remaining lower four bits 
of the 5-bit DAC. The lower voltage range is enabled by 
placing a logic signal (0) voltage on the digital DAC most 
significant bit. Hence this two range approach provides 
added flexibility, allowing the associated microproces- 
sor automatically to configure the power supply to out- 
put the particular required voltage. 

In the upper 2.0 volt to 3.5 volt range there are 100 
millivolt steps and the most significant bit of the is set to 
a logic high signal level. When the DAC's most signifi- 
cant bit is set to a logic low signal level the DC-DC con- 
troller outputs the lower voltage range which is in this 
case 1 .3 volt to 2.05 volt in 50 millivolt steps. Of course, 
these values of the ranges and the steps for each range 
are merely exemplary. Also, a converter with more than 
two ranges would also be in accordance with this inven- 
tion. 

In the following description, for purposes of clarity 
and conciseness of the description, not all of the numer- 
ous components shown in the schematic drawings are 
described. The numerous components are shown in the 
drawings to provide a person of ordinary skill in the art a 
thorough enabling disclosure of the present invention, ft 
will be apparent to one skilled in the art that a detailed 
description of all of the specific components is not 
required in order to practice the present invention. 
Therefore, only those components that are affected by 
the present invention or that are necessary for an 
understanding of the present invention are shown in the 
figures and discussed. In addition, well known electrical 
structures and circuits are shown in block diagram form 
in order not to obscure the present invention. 

The present invention is directed to a programma- 
ble synchronous voltage controller that can be config- 
ured to deliver in excess of e.g. 16 amperes of output 
current. During heavy loading conditions, the controller 
functions as a current-mode PWM (pulse width modula- 
tion) step down regulator. Under light loads, the regula- 
tor functions in the PFM (pulse frequency modulation) 
or pulse skipping mode. The controller senses the load 
level and switches between the two operating modes 
automatically, thus optimizing its efficiency under all 
loading conditions. 

Figure 1 shows the present programmable DC-DC 



converter controller 10. The portion of controller 10 
shown within solid line 1 1 is (in one embodiment) man- 
ufactured on a single semiconductor chip (but in other 
embodiments is of discrete components). The controller 

5 1 0 includes a main control loop which contains two main 
sections; an analog control circuit delineated by dashed 
lines at 12 and a digital control block delineated by 
dashed lines at 14. 

Analog control circuit 12 includes signal condition- 

w ing amplifiers 16, 18, and 20 coupled to comparator 22 
which provides an input signal to digital control circuit 
24. The analog control circuit 1 2 accepts input signals 
from the IFB (current feedback) terminal 26 and the 
VFB (voltage feedback) terminal 28 and establishes a 

15 current controlling signal path 30 and a voltage control- 
ling signal path 32. Resistor R1 and inductor L1 coupled 
to IFB node 26. Resistor R1 develops a voltage across 
terminals 26 and 28 that is proportional to the output 
lead current being delivered to terminal Vout. Inductor 

20 L1 is the inductive storage element to support the load 
current that must continuously flow when the switch 36 
is turned off. Capacitor C1 is a filter. The voltage control- 
ling path 32 amplifies the VFB signal which is input to 
signal conditioning amplifier 20. Signal conditioning 

25 amplifier 1 6 determines the difference between the sig- 
nal at the IFB terminal 26 and the signal at the VFB ter- 
minal 28 which is input to signal conditioning amplifier 
20. The amplified VFB signal and the difference signal 
between the VFB and IFB signals are summed together 

30 with a slope compensation input from oscillator 34 and 
coupled into signal conditioning amplifier 20. 

The output signal from signal conditioning amplifier 
20 is input to comparator 22 which provides the main 
PWM control signal to digital control circuit 24. Addi- 

35 tional comparators (not shown) in the analog control cir- 
cuit 12 set the thresholds where the controller 1 0 enters 
a pulse skipping mode during light loads as well as the 
point at which a maximum current comparator (not 
shown) disables the output drive signals to the external 

40 power MOSFETs (transistors) 36 and 38. The digital 
control circuit 24 receives the comparator 22 output sig- 
nal and a clock signal from oscillator 34 and in response 
outputs the appropriate output pulses to the output line 
40 that is coupled to the gate (control terminal) of exter- 

45 nal power MOSFET 36. The digital control block 14 uti- 
lizes in one version high speed schottky transistor logic 
in digital control circuit 24, allowing the controller 10 to 
operate at clock speeds in excess of 1MHz. The digital 
control block 14 also provides the or eak-bef ore-make 

so timing that ensures both external MOSFETs 36 and 38 
are not on (conductive) at the same time. Oscillator 34 
is a fixed current capacitor charging oscillator. An exter- 
nal capacitor 35 allows for maximum flexibility in setting 
the frequency of oscillator 34, e.g. from less than 200 

55 KHz to over 1 MHz depending upon the application 
requirements. 

The digital control block 14 includes two identical 
high current output drivers 42 and 44 which utilize inter- 
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nal high speed bipolar transistors (not shown) arranged 
in a push-pull configuration. Each driver 42, 44 is capa- 
ble of e.g. delivering 1 ampere of current in less than 
100 nanoseconds. Each driver's power and ground are 
separated from the overall chip power and ground to 
provide for switching noise immunity. Driver 42 has a 
power supply which is "boot-strapped" from a floating 
capacitor 48. In this configuration, capacitor 48 is alter- 
nately charged from power supply Vcci via fr* 6 schottky 
diode 50 and then boosted up when MOSFET 36 is 
turned on. This scheme provides a voltage at node 46 
equal to 2*(V CC -V ds ) (diode 50) which is approximately 
9.5 volt with VCC1=5V. This voltage is sufficient to pro- 
vide the 9 volt gate drive to the external MOSFET 36 
required in order to achieve a low Rqs.on (resistance- 
drain to source, on). Since the "low side" synchronous 
MOSFET 38 is referenced to ground, its gate drive volt- 
age does not need to be boosted. (In other embodi- 
m nts, only one driver 42 and one MOSFET 36 are 
provided.) Diode 51 absorbs the current during the tran- 
sition between the switch 36 turning on and switch 38 
turning off and vice-versa. 

As shown, two power supplies are present, VCC1 
(e.g. 12 volts) and VCC2 (e.g. 5 volts). 

The controller 10 is referenced to a reference volt- 
age VREF supplied by reference voltage circuit 64 
which includes a precision band-gap circuit and is 
described in detail below. The internal resistors (not 
shown) in the band-gap circuit of the reference voltage 
circuit 64 are precisely trimmed to provide a near zero 
temperature coefficient (TC). The VREF signal is cou- 
pled to 5-bit DAC 54, also supplied with five digital input 
signals DO, D1 , D2, D3, D4, RSEL which specify a volt- 
age range and value to select the required output volt- 
age at Vqut 58- F o r example, the Pentium Pro 
specification guideline requires the DC-DC converter 
output to be directly programmable via a 4-bit voltage 
identification (VID) code DO, D1 , D2, D3 shown in Table 
I below. This code together with the 5th bit RSEL scales 
the DAC output voltage V^c on line 55. It is to be 
understood that Table I shows the above described 
upper voltage range which is selected by setting the 
value of RSEL (most significant bit) to a logic high level 
(1). 



TABLE I 



VID Codes for Pentium Pro™ 



Data Bits 




D3 


D2 


D1 


DO 


RSEL 


VQUT 


1 | 


1 


1 


1 


1 


2.0 


1 


1 


1 


0 


1 


2.1 


1 


1 


0 


1 


1 


2.2 


1 


1 


0 


0 


1 


2.3 



TABLE I (continued) 
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VID Codes for Pentium Pro™ 


Data Bits 




D3 


D2 


D1 


DO 


RSEL 


Vqut 


1 


0 


1 


1 


1 


2.4 


1 


0 


1 


0 


1 


2.5 


1 


0 


0 


1 


1 ! 


2.6 


1 


0 


0 


0 




2.7 


0 


1 


1 


1 




o o 
2.8 


0 


1 


1 


0 




2.9 


0 


1 


0 


1 




3.0 


0 


1 


0 


0 




3.1 


0 


0 


1 


1 




3.2 


0 


0 


1 


0 




3.3 


0 


0 


0 


1 




3.4 


0 


0 


0 


0 




3.5 



25 The VID codes of Table I function as follows. The 
designer of a microprocessor, e.g. the Pentium Pro, 
determines that the microprocessor is to operate at 2.8 
volts. The 5-bit VID code for 2.8 volts (01111) is pro- 
grammed into the microprocessor and is read as an 

30 input signal D 0 , D 1( D 2 . D 4 , RSEL by DAC 54 in the con- 
troller 10. DAC 54 then provides an analog output signal 
VDAC on line 55 which is input to amplifier 18 which is 
part of analog circuit 12, and as described above, an 
output signal of analog circuit 12 is converted into a dig- 

35 ital signal by the comparator 22, which digital signal is 
fed into the digital control block 24 and controls the 
switching of the drivers 42 and 44. This in turn, causes 
the requested vortage (2.8 volt) to be output at V OUT 58. 
For stable operation (filtering) under all loading condi- 

40 tions, a 10K ohm pull-up resistor and a 0.2 microfarad 
decoupling capacitor (not shown) can be connected to 
line 55. 

The lower voltage range, as described above, is 
selected by setting the value of the RSEL bit logic low 

45 (0). This generates a lower voltage range from 1 .3 volt 
to 2.05 volt in 50 millivolt increments. The associated 
VID table is not shown since it is otherwise similar to 
that of Table 1. 

The controller 10 includes in one embodiment a 

so "power good" circuit 60 which provides a constant volt- 
age monitor at the VFB terminal 28 (which is also 
v out)« Power good circuit 60 compares the signal at the 
VFB terminal 28 to the VDAC signal and outputs an 
active-low interrupt signal on line "PWRGD" if the power 

55 supply voltage (at V OUT 58) exceeds a selected per- 
centage, for example, ±7%, of its nominal value. 

Figure 2 is a schematic of DAC 54. The DAC 54 of 
Figure 2 is representative of a number of digital to ana- 
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log converters that could be used in the present inven- 
tion. The input terminals (D 0 . D^ D 2 , D 3 ) correspond to 
th similarly labelled code values shown in Table I and 
in Figure 1 and are received from an external device 
(such as the associated microprocessor). These input 
code signals either turn on or turn off transistors QO, 
Q3, Q4, and Q5 respectively. The resistive ladder, which 
is known as an R-2R resistive ladder and includes resis- 
tors R12-R24, provides an incremented output voltage 
VDAC depending upon the values of input codes D 0 , 
D 1f ' D 2 . D 3 , and as discussed above, the voltage incre- 
ment in this example is 1 00 millivolts. 

With reference to Figures 1 and 2, the five bit DAC 
54 is driven by a reference voltage VREF output by ref- 
erence voltage circuit 64. Detail of circuit 64 is shown in 
Fig. 3, and includes a conventional band gap reference 
circuit 78 which generates a 1 .21 volt reference voltage 
using band gap diodes. This 1.21 volt band gap refer- 
ence is input to the positive terminal of the first gain 
selection amplifier 72 and to the positive input terminal 
of the second gain selection amplifier 74. The control 
terminal of each of amplifiers 72, 74 is connected to the 
RSEL code line. Also provided are resistors R30, R32, 
R34 and R36. Hence the value of RSEL (which is digit- 
ally one or zero) determines whether the output voltage 
VREF to DAC 54 is in the high or low voltage range by 
setting the value of the lowest point in each voltage 
range, e.g. either 1.3 volts or 2.0 volts. Based upon the 
RSEL value, only one of the amplifiers 72, 74 is enabled 
to allow the band gap voltage of 1 .21 volts to be gained 
up to the appropriate voltage level for each range. 

The digital analog converter 54 of Fig. 2 includes a 
variable (selectable) current source 12; detail of current 
source is shown in Fig. 4. Current source 12 selects the 
DAC step size for each of the two ranges, depending 
again on the value of the most significant bit RSEL of 
the VID code. When the RSEL bit is set to a logic high 
(1), the upper code range is enabled and thus the step 
size is 100 millivolt. The output currents of two current 
sources 13, 14 are summed by transistors Q32, Q34 to 
provide this step current at the node IOUT, to DAC 54. 
When the RSEL bit is set to the low value (logic 0) ena- 
bling the lower voltage range and thus the 50 millivolt 
step size, current source 14 is turned off thus reducing 
the step current into the DAC 54 by one half. 

This use of the RSEL bit to control both the initial 
voltage and the step size of each range is shown in Fig- 
ure 1 where the RSEL input signal is coupled both to the 
reference voltage circuit 64 and to the 5 bit DAC 54; in 
Figure 1 it is to be understood that the current source 12 
of Figures 2 and 4 is part of DAC 54. 

A schematic of the digital control circuit 24 of Figure 
1 is shown in Figures 5A and 5B. Without describing 
each component shown therein, circuit 24 operates as 
follows. The basic control signal (CMP1 IN) is the digital 
signal that controls the off timing of the output driver 42. 
The start time for driver 42 is set by the OSC rising edge 
as it resets the RS latch 80. The CMP2IN signal then 



sets the latch 80 some time later, based upon the feed- 
back signal generated in the analog block 12. 

The lower driver 44 is slaved to work at the opposite 
polarity of driver 42, i.e. when driver 42 is on, driver 44 

5 is off; when driver 42 is off, driver 44 is on. The RS latch 
82 and NOR gates 86 and 88 insure that the timing is 
such that drivers 42, 44 are not both on at the same 
time. NOR gate 90 will not allow driver 42 to be on while 
driver 44 is still on. Also the input signal SCIN disables 

10 driver 42 when there is an output short circuit to either 
Vcc or ground. The other input signals in Figures 5A are 
as shown; comparators (not shown) provide the 
CMPIN3B, CMP2INB, SCIN, and SYNCOMPB signals. 
Signals SCIN and CMP2INB thereby provide short cir- 

15 cuit protection, and CMPIN3B indicates an idle state, 
while SYNCOMPB resets latch 82. 

The foregoing description is for purposes of illustra- 
tion and description. It is not intended to be exhaustive 
or to limit the invention to the precise form disclosed. 

20 Modifications or variations are possible in light of the 
above teachings. The disclosed embodiment was cho- 
sen and described to provide the best illustration of the 
principles of the invention and its practical application to 
thereby enable one of ordinary skill in the art to utilize 

25 the invention in various embodiments and with various 
modifications. All such modifications and variations are 
within the scope of the invention as determined by the 
appended claims. 

30 Claims 

1 . A programmable converter, comprising: 

at least one amplifier providing an output sig- 

35 nal; 

a control unit to control a magnitude of the out- 
put signal of said at least one amplifier; and 
a circuit, responsive to a digital input signal, 
having an output signal coupled to said control 

40 unit specifying the magnitude of the output sig- 

nal of said at least one amplifier, wherein the 
circuit specifies two ranges of the magnitude, 
each range having a specified number of incre- 
ments. 

45 

2. The programmable converter of Claim 1 , wherein 
said circuit Comprises a digital to analog converter. 

3. The programmable converter of Claim 2, wherein 
so said digital to analog converter receives a five bit 

digital input signal from an external device specify- 
ing a voltage required by said external device and 
converts said digital input signal to an analog output 
signal. 

55 

4. The programmable converter of Claim 3, wherein 
said analog output signal comprises said output 
signal to said control unit specifying the magnitude 
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of the output signal of said at least one amplifier. 

5. The programmable converter of claim 3 or 4 
wherein said analog output signal of said digital to 
analog converter is coupled to said control unit. s 

6. The programmable converter of Claim 3. 4 or 5 
wherein said voltage specified by said digital input 
signal is determined by a value of said digital input 
multiplied by a specified voltage increment. 10 

7. The programmable converter of Claim 6, wherein 
said external device specifies a required voltage in 
the specified number of increments. 

15 

8. The programmable converter of any one of claims 3 
to 7 wherein said external device comprises a 
microprocessor. 

9. The programmable converter of claim 6 or 7 20 
wherein said specified voltage increment is 50 and 
100 mV in respectively each of the two ranges. 

10. The programmable converter of any one of the pre- 
ceding claims wherein said at least one amplifier, 25 
said control unit, and said circuit are integrated on a 
single semiconductor chip. 
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